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By  experiments reported in  the preceding paper  (1)  the writer has 
demonstrated  the  causative  agent  of  infectious  laryngotracheitis  of 
fowls  in  tissues  in  which  bacteria  were  not  detected.  Efforts  were 
next made to determine whether a  filtrable virus is responsible for the 
disease. 
Method 
In  the  filtration experiments,  23  inch Berkefeld V  and  N  candles and  Seitz 
discs have been used.  The Berkefeld candles were given a preliminary test of their 
ability to retain bacteria by the filtration of a young (6 to 24 hour) broth culture 
of a chromogenic strain of B. prodigiosus.  A like test was made at each filtration. 
To determine whether B. prodigiosus or other bacteria were present, two or more 
blood or plain agar slants were inoculated with 1 loopful of the unfiltered suspen- 
sions and other tubes of the same culture media with 0.5 to 2 cc. of the filtrates. 
In addition when the suspension was in broth a portion of the filtrate was incubated 
and examined for growth.  The cultures were not discarded until they had been 
incubated at least 10 days.  In all instances the media inoculated with unfiltered 
material yielded a profuse growth of B. prodigiosus whereas the  media inoculated 
with filtrates  remained sterile. 
The comparative porosity of the Berkefeld filters was determined by the water- 
flow test of Ward and Tang (2) by which measurement was made of the amount 
of water that will flow through them in 5 minutes at  10  cm. negative pressure. 
The Berkefeld V filters and some of the Berkefeld N  filters usually permitted from 
50 to 80 cc. of water to pass; others of the Berkefeld N  filters passed from 28 to 
36  cc.  of water.  Filters that passed a  larger quantity of water were discarded 
irrespective of whether or not they retained bacteria. 
1 The studies presented in this paper were briefly reported in Science, 1930, 72, 
633. 
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The filtration tests were made with exudate from the trachea of fowls that had 
been artificially infected with one of four strains of the disease (1).  The exudate 
was weighed, thoroughly ground in a sterile mortar or by means of a modification 
of Hagan's  (3)  grinding apparatus,  and  suspended  in  infusion broth  or other 
diluent.  The  suspensions were held in  the  refrigerator for about  2  hours  and 
were then centrifuged at high speed for 10 to 20 minutes.  The supematant fluid, 
to  which was  added B. prodigiosus, was  filtered by positive pressure  through 
Seitz discs or by negative pressure through Berkefeld candles.  The quantity of 
suspension used, 20 to 30 cc., usually filtered in from ½ to 1 minute and always 
within 2 minutes.  The negative pressure for filtrations through Berkefeld candles 
varied from 30 to 50 cm.  The amount of positive pressure for filtrations through 
TABLE  I 
Results of Filtration  Experiment  20 
Description  of filters 
Filtrate'  d  ~  ~ 
No.  ,-o  ~  o~  ~  = 
~_  ~  ~_____< ~___ 
20-V-3  V-3  9  56  2C  20 
20-N-3  N-3  4  68  2C  20 
20-N-5  N-5  New  61  2C  25 
20-N-6  N-6  3  28  2C  50 
Unfiltered suspension--Control 
~_~_!  £ 
c~.  I "  40  2500 0.4  + 
45  25011 0.4  + 
40  2502l 0.4  -- 
50  2503 0.4 
2504  0.4  + 
Results of injections 
~o 
~.~ 
days l 
3  K-6* 
4  K-6 
1  K-3 
Caseous plug 
Profuse;  very 
hemorrhagic 
Profuse;  very 
hemorrhagic 
* K  -- Killed, the numeral giving the day after inoculation. 
Seitz discs was  not  measured.  The  unfiltered material and  the  filtrates were 
tested by the injection of small quantities into the trachea of susceptible chickens. 
Data  concerning  the  experimental fowls,  and  the  precautions  taken  to  avoid 
acddental or cross-infection among them, are described in the first paper (1). 
The following protocol of filtration Experiment 20 is representative of the pro- 
cedure that was followed. 
Specimen  ProtocoL--Three  chickens  were  given  intratracheal  injections  of 
laryngotracheitis virus, Strain N. J. II.  All exhibited marked symptoms on  the 
3rd day and were chloroformed.  The tracheal exudate was removed with aseptic 
precautions and weighed 0.8 gm.  It was ground in a  sterile mortar with 80 cc. 
meat  infusion broth.  The  suspension was held for 3  hours in  the  refrigerator I.  R.  BEAC~  811 
and centrifuged at high speed for 10 minutes.  A small amount of the superuatant 
fluid was removed for use in the inoculation of control fowls and a 6 hour broth 
culture of B. prodigiosus was added to the remainder.  After each of two blood 
agar slants had been inoculated with  1 loopful of this fluid, it was divided into 
four portions of 20 co. one of which was passed through a Berkefeld V candle and 
the other three through three different Berkefeld N  candles.  Blood agar slants 
were inoculated with 1.5 cc. of each of these filtrates and a  5 cc. portion of each 
filtrate was  transferred to a  sterile tube and  incubated.  A  description of the 
filters,  the results of tests for active virus in the suspension before and after filtra- 
tion, and other details are given in Table I. 
Resulfs  of Filtrations 
A  summary of  thirty-six filtration  experiments,  in  which  all  four 
strains of the disease were used is given in Table II.  In all but  two 
TABLE  II 
Summary of Filfratlon Experiments 
Grade  No. used 
v  8 
N  6 
Seitz  6 pads 
Filters  Filtrations  No. of filters 
that gave 
positive filtrates  Virus 
New Jersey I 
New Jersey II 
California 4 
California 5 
New Jersey II 
California 4 
California 5 
New Jersey I 
New Jersey II 
No. attempted 
1 
13 
1 
5 
No. positive 
1 
10 
1 
2 
of the  experiments  the  tracheal  exudate  was  suspended  in  bouillon; 
in those two Tyrode's solution was used. 
It will be seen that all of the Berkefeld V filters gave positive results 
while  only two  of the  six N's allowed  the  etiological  agent  to  pass. 
These two N's were by the Ward and Tang test as porous as the V's. 
Of the four filters that gave negative results one was as porous as the 
V's while the remaining three were less porous.  The results indicate 
that  the  passage of the  disease-producing  agent  is  in  some way  de- 
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Since all of the V filters gave positive results some consideration must 
be given to the six negative experiments.  In two of them Tyrode's 
solution  was  used  to  suspend  the  exudate.  As  this  same  exudate 
suspended in bouillon and passed through other filters produced disease 
it was concluded that Tyrode's solution is not a suitable diluent.  The 
negative results  in  the  remaining four experiments may be due  to 
adsorption  of  the  etiological  agent  on  the  filters.  That  there  is 
adsorption is shown by titrations of filtered and unfiltered suspensions. 
While from 0.0001  to 0.000001  cc. of the latter will produce disease 
it takes from 0.1 to 0.01  cc. of the former.  Occasionally infection will 
follow the injection of 0.001  cc. of the filtrate. 
The Seitz filters are so much more porous than the Berkefeld candles 
that the size of their interstices cannot account for their failure in six 
attempts  to  pass  the  infectious  agent.  It  is  probable  that  some 
physical chemical property of the filter pad or of the agent is responsi- 
ble.  Kernohan  (4)  has reported as  a  personal  communication that 
the author has passed the causative agent of laryngotracheitis through 
Seitz filters.  It is now believed that in the experiments referred to 
the chickens were infected by contact with other diseased birds rather 
than by the inocula. 
Examination of Table II shows that of the thirty Berkefeld filtrates 
nineteen produced disease.  It  was  typical in  every respect except 
that the incubation period was from 1 to 2 days longer than that in 
control birds.  Titration experiments referred to above with filtered 
and unfiltered suspensions show that a large amount of the infectious 
agent is lost during passage through the Berkefeld candles.  It seems 
probable that the lengthened incubation period in the fowls receiving 
the filtrate was due to the small amount of the agent present. 
The positive results in these filtration experiments are sufficient to 
establish  the  fact  that  the  agent  that  causes  laryngotracheitis  in 
chickens is a filtrable virus. 
Since viruses as a  class differ from bacteria in that they are more 
readily neutralized by immune sera and more resistant to drying it was 
of interest to determine whether this virus was typical in these respects. 
Neutralization Experiments 
Immune sera were obtained from four chickens on the 10th or 12th 
day after recovery from the New Jersey Strain II of the disease.  Two j.  R.  ~.ACH  813 
of these chickens had been bled before inoculation and their sera as 
well as sera from other normal chickens were used as controls. 
The first experiments were not so clear-cut as we desired and will 
not be reported in detail.  In two instances there was definite neutra- 
lization but in most  of the  cases  the  onset of the  disease  was  only 
delayed. 
In these first experiments the virus was in fresh tracheal exudate 
and was used in concentration many times greater than that needed to 
infect.  The results suggested that a more careful adjustment of the 
proportion  of  virus  to  immune  serum  would  give  a  definite 
neutralization. 
For further experiments one lot of desiccated New Jersey II and one of Cali- 
fornia C-5 virus were used.  These two viruses were titrated in order to determine 
the amount necessary to produce disease.  Mixtures of sera and virus were pre- 
pared in which the concentration of the latter was approximately ten times that 
necessary to infect.  These mixtures were kept at room temperature for 2 hours 
before they were used for the inoculation of chickens.  The amounts of sera and 
virus used and the results of the inoculations are given in Table III. 
From the data given in Table III it is seen that chickens were not 
infected by the intratracheal injection of suspensions of from ten to 
100  times the minimum infective dose of N.  J.  II or C-5  strains of 
virus when it was mixed with an equal volume (and in one instance with 
one-tenth its volume) of serum from fowls that  had  recovered from 
infection with Strain N. J. II virus.  The relatively long incubation 
period in  the chickens that  were inoculated with mixtures of serum 
diluted 1 : 10 and virus suspensions indicated that partial or transitory 
neutralization of the  virus had  occurred.  The disease  so produced 
was unmodified except for the delay in onset.  The effects of injection 
of mixtures of immune serum diluted 1:100 and virus suspension or 
of mixtures of normal serum and virus were not different from those 
of inoculation with virus suspension alone. 
The finding that  the  serum  of chickens that  had  recovered from 
infection with a  New Jersey strain  of virus was  equally effective in 
neutralizing in vitro the New Jersey and the California strains of virus 
provides evidence of the etiological identity of the disease known as 814  LARYNGOTRACHEITIS  OF  CHICKENS 
laryngotracheitis or infectious bronchitis in the two widely separated 
States. 
TABLE  III 
Neutralization  in  Vitro  of New Jersey  Virus, Strain N. J. II, and  of California 
Virus, Strain C-5 with Blood Serum of Chickens Immunized against New Jersey 
Virus, Strain N. Y. II 
Virus 
N.  J.  II 
1:500. 
Suspen- 
sion 
Remarks 
Fowl  susceptible  to  subse- 
quent  inoculation  with 
active virus 
Chloroformed  on  6th  day. 
Moderate  amount  of 
slightly  hemorrhagic  exu- 
date 
Chloroformed  on  6th  day. 
Moderate  amount  of  very 
hemorrhagic exudate 
Susceptible to subsequent in- 
oculation with active virus 
Susceptible to subsequent in- 
oculation with active virus 
Chloroformed  on  6th  day. 
Caseous exudate 
Died  on  6th  day.  Very 
hemorrhagic  caseous  exu- 
date 
Died  on 6th day.  Caseous 
plug in larynx 
Died on  5th  day.  Profuse 
very hemorrhagic exudate 
Died  on  6th  day.  Caseous 
plug in larynx 
Susceptible to subsequent in- 
oculation with active virus J.  R.  BEACH 
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Virus 
C-5 1:5000. 
Suspen- 
sion 
Remarks 
Susceptible to subsequent in- 
oculation with active virus 
Developed marked symptoms. 
Allowed to recover 
Died  on  7th  day.  Profuse 
very hemorrhagic exudate 
Susceptible to subsequent in- 
oculation with active virus 
Died on  7th  day.  Caseous 
plug and  moderately hem- 
orrhagic mucous exudate 
Died  on  7th  day.  Caseous 
plug and moderately hem- 
orrhagic mucous exudate 
Died  on  5th  day.  Profuse 
very hemorrhagic exudate 
Died  on  5th  day.  Profuse 
very hemorrhagic exudate 
Died  on  5th  day.  Profuse 
very hemorrhagic exudate 
Died on  5th  day.  Profuse 
very hemorrhagic exudate 
Died  on  6th  day.  Profuse 
very hemorrhagic exudate 
Resistance  to Drying 
Although few tests on the resistance of the virus to drying have been 
made they show that it withstands conditions that kill most bacteria. 
In one experiment exudate in tubes was kept in a  desiccator containing calcium 
chloride at  incubator  temperature  for 2,  4,  6,  8,  and  10  days.  The  tubes were 
sealed with wax and stored in a refrigerator for 2 months at which time the material 
was tested and found to produce disease. 816  LARYNGOTRACHEITIS  OF CHICKENS 
In another experiment exudate kept in a desiccator over calcium chloride at 
refrigerator temperature for 29 days was found to be active. 
Swift's  (6)  method  that  preserves bacteria  as well  as viruses  has 
been used to keep on hand adequate supplies of virus and to obviate 
the necessity of continuous passage through fowls.  When the exudate 
was dried rapidly and kept in the refrigerator in sealed tubes the virus 
remained alive for 156  days.  No  tests have  been made on material 
stored for a longer period. 
SUMMARY  AND  CONCLUSIONS 
1.  Experiments have shown that tracheal exudate from two strains 
of laryngotracheitis  of chickens from New Jersey and two from Cali- 
fornia when  suspended in bouillon  and  passed through  Berkefeld V 
filters will produce the disease.  Two of six Berkefeld N  filters allowed 
the  etiological  agent  to  pass,  whereas  four  did  not.  Attempts  to 
produce  the  disease  with  Seitz  filtrates  were  unsuccessful.  These 
results  demonstrate  that  laryngotracheitis  is  caused  by  a  filtrable 
virus that  because of its  size or  some other property  does not pass 
readily through the finer filters. 
2.  It has been shown that the sera from fowls that have recovered 
from an infection with one of the New Jersey viruses will neutralize 
the  same strain  and  also the one California  strain  tested.  In order 
to demonstrate neutralization  conclusively it was necessary to titrate 
samples of dried virus and in the tests to use approximately  ten  in- 
fecting  doses. 
3.  The virus dried over calcium chloride for 10 days and then stored 
in the refrigerator for 60 days produced disease.  Kept over calcium 
chloride  for  a  month  it  was  still  active  and  when  dried  by Swift's 
method it remained alive for 5 months. 
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